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[57] ABSTRACT

Carbonates and/or hydroxides of one or more of the
Group VIII metals, cobalt and nickel, are reacted with
molybdic acid in aqueous suspension to form a slurry of
crystalline cobalt and/or nickel molybdate, which
slurry is then reacted with gelatinous boehmite alumina,
then extruded, dried and calcined. The method elimi-
nates the use of ammoniacal solutions, washing and/or
heating steps to remove undesired anions or cations, and

‘requires but a single drying and calcination. The result-

ing catalysts are found to be very active for the desul-
furization and denitrogenation of mineral otls.

10 Claims, No Drawings
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CATALYTIC HYDROFINING PROCESS

RELATED APPLICATIONS

This application is a contmuatmn—m-part of Ser No
776,762, filed Mar. 11, 1977 now U.S. Pat. No.
4,094,820. -

BACKGROUND AND SUMMARY OF
INVENTION -

The prior art is replete with methods for the manu-
facture of alumina-based catalysts comprising molybde-
num and one or both of the Group VIII metals, cobalt
and nickel. Such methods involve a great number of
combinations of various impregnation, coprecipitation,
comulling techniques and the like. In many of these
procedures, the molybdenum component is introduced
in the form of solid ammonium heptamolybdate, or
ammoniacal solutions thereof. Ammoniacal impregnat-
ing solutions often also comprise ammonia complexes of
salts of the Group VIII metal component, the nitrates
usually being preferred. The presence of ammonia or
ammonium salts in any of these procedures leads to
expensive requirements for the contalmng of ammonia
vapors, and for ultimately removing ammonium ions
from the catalyst. The latter is usually effected by wash-
ing procedures, leading to aqueous wast¢ dlsposal prob-
lems, or by calcination which generates air pollutants
such as mtrogen oxides through combustion of some of
the ammonium ions. Nitrogen oxides are also generated
in the thermal decomposition of nitrate ions associated
with the Group VIII metal component. The various
washing procedures and/or multiple impregnation steps
often lead to the necessity for multiple drying and/or
calcination steps. Any of these undesirable conse-
quences substantlally increase catalsyt manufacturing

COSts.
One very simple procedure which has been employed

in the art, and which avoids the foregoing problems,
involves mulling together powdered MoQO; with pow-
dered alumina and an oxide form of the Group VIII
metal component. Such mixtures may be mulled either
in the wet or dry state and subsequently formed into
extrudates or pellets, and calcined. This procedure
however does not provide an optimum combination,
either physu:ally or chemically, of all the catalyst com-
ponents. It is generally believed that the preparation
method should provide maximum interaction between
the alumina and the molybdenum component, which
comulling of the oxides in powdered form does not
provide. Also, this method inherently results in very
low surface areas of the active metal components. As a
result catalysts prepared by the simple comulling of the
oxide components always display very low activities.

I have now discovered a relatively simple prepara-

tion technique which substantially avoids the disadvan-
tages, while retaining the principal advantages of the

foregoing methods. This new procedure involves the
following basic steps: |

(1) reacting in an aqueous slurry at least one carbon-
ate or hydroxide of nickel or cobalt with at least a stoi-
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to form ﬁnely divided crystallme cobalt and/or nickel

molybdate in aqueous suspension;
(2) mixing the aqueous suspension with sufficient

alumina hydrate consisting essentially of gelatmous

boehmite to provide the desired proportlon of A1203 in-

the finished catalyst -
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(3) digesting and/or mulling the resulting mixture for
at least about 0.5 hour with at least sufficient water to
provide an extrudable plastic mixture;

(4) recovering from step (3) an extrudable plastic
mixture;

(5) extruding the plastic mixture to provide extrud-
ates of desired size and shape; and

(6) drying and calcining the extrudates.

It will be seen that the foregoing procedure requires
no washing steps and but a single calcination step, does
not employ ammonia, ammonium salts or nitrate salts,
and generates no air or water pollutants. At the same
time, in steps (3), (4), (5) and (6), an intimate interaction
occurs between the boehmite alumina and the molyb-

date component, such that no cobalt and/or nickel mo-
lybdate is detectable by X-ray diffraction in the final

catalyst. The activity of the resulting catalysts for desul-
furization and denitrogenation is in most cases equal or
superior to prior art catalysts of the same metals content
prepared by conventional impregnation or coprecipita-
tion methods.

PRIOR ART

U.S. Pat. No. 2,393,288 discloses a process wherein
cobalt molybdate is said to be precipitated in an aqueous
slurry of alumina gel. However, the process employs
excess ammonium hydroxide, and the precipitated cata-
lyst is said to have a pinkish color. Cobalt molybdate is
bright purple in color and does not ordinarily precipi-
tate from ammoniacal solutions. Subsequent investiga-
tions have shown that the patentee’s pink precipitate
was essentially a hydrated form of cobalt oxide.

U.S. Pat. No. 2,913,422 discloses a process wherein
preformed solid cobalt molybdate is composited with
powdered molybdenum trioxide and an alumina trihy-
drate and the mixture is pelleted and calcined. The
resulting catalyst at this stage is relatively inactive, and
is said to display satisfactory activity only after a subse-
quent treatment with agqueous ammonia solution fol-
lowed by a second calcination. The gelatinous boehmite
alumina employed herein combines readily with the
cobalt molybdate, and no activation with ammonia is
requlred

DETAILED DESCRIPTION

The catalysts of this invention are designed to fall
within the following composition ranges:

N :Elatﬁlm&ion, Wt. % -
Component Broad Range Preferred Range
CoQ and/or NiO 2-20 3-10
MoO; | 5-35 8§ — 25
Si0, 0-10 1-4
Al 03 Balance
Wt Ratio
(CoO + NIO)/M003 0.1-1 0.12 - 0.5

In the succeeding process description, it will be un-
derstood that the proportions of the varius raw materi-
als utilized will be selected so as to provide finished
catalysts falling within the above composition ranges.
The silica component, which is often desirable as a
stabilizer and/or activator, may be added as silica hy-
drogel or hydrosol at any desired point in the process.
The succeeding description will be confined to prepara-
tion of cobalt-molybdenum type catalysts, but it will be

“understood that corresponding nickel components can
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be substituted in whole or in part for any of the de-
scribed cobalt components.

In the first step of the process the basic reaction
which occurs with CoCO, is as follows:

HaMo00,;.xH:0O 4+ CoC0O3—CoMo0O.:.xH.0 + CO;
+ H,0

The molybdic acid component is ordinarily added to
the aqueous component as MoO,, which becomes solu-

ble as molybdic acid to the extent of about 2 wt.% at
temperatures above 70° C. In the preferred procedure,
MoOQ, is first slurried in the desired amount of water,
and the temperature is raised to about 70° to 100° C,,
after which the cobalt carbonate is added slowly over a
period of several minutes in order to avoid excessive
foaming from the generated CO,. Alternatively, the
cobalt may be added to the slurry as the oxide or hy-
droxide, in either case the effective reactant being Co-

(OH),:

HIMGOII,tzO -+ CO(OH)Z—PCOMQO“..IHZO -+
2H,0

The amount of water employed in this step is not criti-
cal, but for reasons of economy should not substantially
exceed an amount which, together with any subsequent
additions of water required in the process, will give an
extrudable mixture at step (3). After completion of the
addition of the cobalt component, it is generally desir-
able to continue stirring and heating the mixture at
90-100° C. for an additional 0.5-3 hours. During this
period, a purple precipitate of well crystallized cobalt
molybdate forms. Any stoichiometric excess of MoO;
remains as such or dissolved in the aqueous phase as
molybdic acid.

In the second step of the process, the molybdate
shurry, either hot or after cooling, is admixed with suffi-
cient alumina hydrate consisting essentially of gelati-
nous boehmite alumina to prov1de about 50-90, prefera-
bly about 65-85 wt.% of ALO;in the finished catalyst.
The term “gelatinous” boehmite refers to the monohy-
drate A1QO-OH in the form of small crystallites of aver-
age size ranging between about 30 and 200 angstroms.
This material is sometimes referred to in the art as
“pseudo” boehmite, which is actually a misnomer be-
cause the material does display the X-ray diffraction
pattern of boehmite, although with considerable line
broadening due to the range of crystallite sizes. Such
material can exist in the form of a xerogel containing as
little as about 20 wt.% H:0O, the stoichiometric H.O
content of pure boehmite being about 15.6 wt.%. “Ge-
latinous” boehmite can also be defined as boehmite
which on calcination at 900° F. yields an alumina hav-
ing a surface area of at least about 200 m?/g.

The boehmite may be added to the molybdate slurry
as a freshly precipitated, washed hydrogel, or in the
form of a spray-dried xerogel. In either case a gelatinous
mass or slurry is formed upon homogenization, as by
mulling or stirring. The homogenized mixture should be
digested and/or mulled, preferably at temperatures
between about 50° and 100° C., for a sufficient time to
give substantially complete reaction between the
boehmite and the molybdate. This usually requires
about 0.5-10 hours, depending on temperature. The
water content of the mixture should be at least sufficient
to provide an extrudable plastic mass; if excess water is
present, as in a slurry, such excess may be removed
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4
durmg the digestion perlod by evaporation at e.g.
90°-100° C.

The resulting plastic mixture is then extruded under
conventional conditions, at pressures of e.g. 100 to
10,000 psi, to provide extrudates ranging in diameter -
between about 1/32 and } inch. The holes in the extru-

sion die may be circular in shape to provide cylindrical
extrudates, or they may be polylobal in shape so as to
provide extrudates having polylobal crosssections such

as those disclosed in U.S. Pat. No. 3,966,644,

Drying of the extrudates at temperatures of about
200°-400° F. for about 1-12 hours in flowing air is gen-
erally desirable prior to calcination. Calcination is then
carried out under conventional conditions in air at tem-
peratures of about 800°-1500° F. for about 1-10 hours.
Due to the fact that no extraneous anions or cations
remain in the extruded catalyst, no noxious gases are
generated during the drying and calcining steps.

Following the drying step, X-ray analysis of the
product showed no detectable CoMoO,, which leads to
the conclusion that during the digestion, extrusion and
drying steps, the CoMoQO, must have reacted with a
portion of the boehmite. This reaction is believed to be
as follows:

2A10-OH.xH,O +
COMGO";tzO—P(AIO)IMﬂO‘.tzO -+
Co(OH),.xH,0

The alumina trihydrates, e.g. bayerite and gibbsite, do
not react with CoMoO,xH,0O in this manner to any
great extent, and it is accordingly preferred that the

. alumina hydrate be at least about 80% boehmite. Upon

calcination and sulfiding, it is believed that the com-

pound (Al0),MoO, xH,0 yields the most highly active

form of molybdenum.
Catalysts prepared as described above are highly

useful for the hydrodesulfurization and hydrodeni-

trogenation of substantially any hydrocarbonaceous
mineral oil derived from petroleum, shale, tar sands,
coal and the like. Such oils include crude oils, atmo-
spheric and vacuum residual oils, gas oils, turbine fuels,
diesel fuels, kerosene, naphthas, etc. Conventional hy-
drofining conditions are utilized, falling within the fol-
lowing general ranges:

Hydrofining Conditions

’ Broad Range Prcferrcd Rangc
Temp. ° F 500 - 900 600 ~ 800
H, Pressure, psig 500 - 5000 1000 - 2500
LHSV 0.1-8 0.5-3
~ Hy/oil, SCF/B 500 - 10,000 1000 - 5000

Those skilled in the art will understand that H, pres-
sures in the high ranges will normally be utilized for
refractory feedstocks such as resids, heavy gas oils and
the like, and that optimum denitrogenation: tempera-
tures are usually somewhat higher than optimum desul-
furization temperatures. Also, for denitrogenation,
nickel is the preferred Group VIII metal while for de-
sulfurization, cobalt is preferred. The presence of a
small amount of silica in the catalyst is especially benefi-
cial for denitrogenation. Preferably the catalyst is pre-
sulfided with dilute H,S-containing gases in conven-
tional manner prior to contact with the feedstock.
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EXAMPLE 1

Eighty grams of reagent grade MoO; was slurried in
200 ml of distilled water and heated to 90° C.:Next, 50
gms of powdered CoCO; was.added gradually with
stirring over a period of 15 minutes to prevent excessive
foaming from CO,evolution. The mixture was digested
at 95°~100° C. for 150 minutes, during which time a
purple precipitate of well crystallized CoMoO, formed
(as determined by X-ray analysis of a dried sample). The
mixture was then cooled to 30°-40° C. and diluted with

water to a total volume of 500 ml.
To the resulting cobalt molybdate slurry was then

added 1200 gms of gelatinous boehmite hydrogel (22.7
wt.% Al,0;; no X-ray detectable bayerite or gibbsite)
and 750 m] of water, and the resulting mixture was
blended for 2 minutes in a high speed mixer. The ho-
mogenized mixture was partially dried overnight at
180° F., and then at higher temperatures with intermit-
tent stirring until an extrudable consistency was
reached. The material was then extruded through a
0.076 diameter die, air dried, transferred to a 20 mesh
screen tray and further dried at a rate of 45° C./hour to
650° C., and then calcined at 725° C. for one hour. The
composition and properties of the calcined catalyst

were as follows:

MﬂO;, wit, %

11.6
Co0O, wt.% 5.14
Al,O, balance
Surface Area BET, m%/g 274
Pore Volume ml/g 0.47
Bulk Density, g/ml 0.76
Particle Diameter, ins. 0.052

Neither the dried extrudate nor the calcined catalyst
exhibited a cobalt molybdate X-ray pattern, and the
intensity of the boehmite diffractograms were substan-
tially decreased, showing that the CoMoO, had reacted

with a portion of the boehmite.
In the standard resid desulfurization activity test de-

scribed in my U.S. Pat. No. 3,980,552, this catalyst was
found to have an activity at least equal to the preferred
catalyst of Example 3 of said patent, which was pre-
pared by a considerably more complicated and expen-
sive procedure.

EXAMPLE 2

A silica-containing catalyst of this Invention was
prepared by first slurrying 60 gms of reagent grade
MoO;in 200 ml of distilled water and heating to about
90°-95° C. Next, 33.8 gms of powdered CoCQO; was
added gradually with stirring. The mixture was di-
gested for 60-80 minutes at 95°-100° C., forming a pur-
ple precipitate of CoMoQO,. To the resulting cooled
slurry was then added, as a slurry in 800 ml of water,
1900 gms of a boehmite hydrogel filter cake containing
20 wt.% Al,O; on a dry basis. The mixture was then
homogenized for 3-5 minutes.

Silica was then added to the mixture in the form of
250 gms of a cobalt-exchanged silica-alumina hydrogel
filter cake containing about 12 wt.% solids on an oven
dried basis. A large batch of this filter cake had been
prepared by ionexchanging 1000 gms of a 75/25 weight-
ratio Si0,/Al,0; hydrogel containing 13 wt.% oven
dried solids with an ammoniacal complex of 25 gms
CoCO, dissolved in 1000 ml of 28% NH,OH, followed
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by filtration and washing. On a dry basis, the filter cake
contained 5.75 wt.% Co. |

The 250 gm portion of Co-exchanged sﬂwa-alumlna
filter cake was then homogenized for 2-3 minutes with
the boehmite-CoMoQ, slurry and 500 ml of added wa-
ter. The homogenized mixture was then partially dewa-
tered by evaporation overnight in an oven at 180° F,,
and then at temperatures up to about 340° F., with inter-
mittent mixing and stirring until an extrudable COnSIs-
tency was reached. This mixture was then extruded
through a 0.076 inch diameter die, air dried, then fur-
ther dried at temperatures increasing about 45° C./hr to
650° C., and then calcined at 700° C. for one hour. The
composition and properties of the resulting catalyst
were as follows: --

MoQO,;, wt. % 11.9
CoQ, wt. % 444
S10,, wt. % 39
A1203 ‘balance
Surface Area, mz/ 331
Pore volume, ml/g 0.48

This product likewise dld not exh1b1t a CoM004
X-ray pattern.

EXAMPLE 3

The catalyst of Example 2 was compared in activity
with the preferred catalyst of Example 3 of my U.S. Pat.
No. 3,980,552, which was prepared by a more expensive
impregnation, double-calcination procedure, and con-
tained by weight, 4% CoO, 12% MoO,;, and 2% SiO,.
After presulfiding, the respective catalysts were tested
for desulfurization and denitrogenation activity, using
as the feedstock a light diesel o1l containing 390 ppm
total nitrogen and 6500 ppm of sulfur. For each catalyst
two runs were carried out, one at 2.5 LHSV and the
other at 5.0 LHSV, the other conditions being: 700° F.,
700 psig of H,, and 3000 SCF of H,/B. The average
relative activities of the catalysts, based on standard
kinetic calculations, were found to be as follows:

Relative Activities

Catalyst USP 3,980,552 Example 2
Denitrogenation (total)'" 100 103
Desulfurization'® 100 104

("Based on first order kinetics
@'Based on 1.5 order kinetics

It will thus be seen that, despite its much more eco-
nomical method of manufacture, the catalyst of Exam-
ple 2 was at least equal in desulfurization and denitro-
genation activities, as compared to the prior art catalyst.

I claim:

1. A process for the hydrofining of a mineral oil feed-
stock containing organic sulfur and/or nitrogen com-
pounds, which comprises contacting said feedstock plus
added hydrogen, and under hydrofining conditions,
with a sulfided catalyst which, prior to sulfiding, con-
tained about 2-20 weight-percent of CoO and/or NiO

and about 5-35 weight-percent MoQO,, said catalyst

having been prepared by the steps of:

(1) reacting in an aqueous slurry at least one carbon-
ate or hydroxide of cobalt or nickel with at least a
stoichiometric proportion of MoO, and/or molyb-
dic acid to form finely divided undissolved crystal-
line cobalt- and/or nickel molybdate in aqueous
suspension;
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(2) mixing said aqueous suspension with sufficient
alumina hydrate consisting essentially of gelatinous
boehmite to provide about 50-90 wt.% Al,O;in the
finished catalyst;

(3) digesting and/or mulling the resulting mixture for
at least about 0.5 hour with at least sufficient water
to provide an extrudable plastic mixture;

(4) recovering from step (3) an extrudable plastic
mixture;

(5) extruding the plastic mixture to provide extrud-
ates of desired size and shape; and

(6) drying and calcining the extrudates at a maximum
temperature between about 800° and 1500° F.

2. A process as defined in claim 1 wherein said alu-
mina hydrate is in the form of a freshly prepared hydro-
gel.

3. A process as defined in claim 1 wherein said alu-
mina hydrate is in the form of a xerogel containing at
least about 20 wt.% H,0.

4. A process as defined in claim 1 wherein step (1) is
carried out at about 70°-100° C. with agitation.

5. A process as defined in claim 1 wherein step (3) is
carried out at about 50°-100° C.

6. A process for the hydrofining of a mineral oil feed-
stock containing organic sulfur and/or nitrogen com-
pounds, which comprises contacting said feedstock plus
added hydrogen, and under hydrofining conditions,
with a sulfided catalyst which, prior to sulfiding, con-
tained about 2-20 weight-percent of CoO and about
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5-35 weight-percent MoQO;, said catalyst having been
prepared by the steps of:

(1) reacting in an aqueous slurry, powdered cobalt
carbonate and/or cobalt hydroxide with at least a
stoichiometric proportion of MoO; and/or molyb-
dic acid to form finely divided undissolved crystal-
line cobalt molybdate in aqueous suspension;

(2) mixing said aqueous suspension with sufficient
alumina hydrate consisting essentially of gelatinous
boehmite to provide about 50-90 wt.% Al,O;in the
finished catalyst;

(3) digesting and/or mulling the resulting mixture for
at least about 0.5 hour with at least sufficient water
to provide an extrudable plastic mixture;

(4) recovering from step (3) an extrudable plastic
mixture;

(5) extruding the plastic mixture to provide extrud-
ates of desired size and shape; and

(6) drying and calcining the extrudates at a maximum
temperature between about 800° and 1500° F.

7. A process as defined in claim 6 wherein said alu-

mina hydrate is in the form of a freshly prepared hydro-

gel.
8. A process as defined in claim 6 wherein said alu-

mina hydrate is in the form of a xerogel containing at
least about 20 wt.% H,0. -

9. A process as defined in claim 6 wherein step (1) is
carried out at about 70°~100° C. with agitation.

10. A process as defined in claim 6 wherein step (3) 1s

carried out at about 50°-100° C.
i % ¥ & %
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